Abrasion experiments of mineral and meteorite grains:
Application to grain abrasion of Itokawa, Ryugu and lunar regolith particles.
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Introduction: The external 3D shapes of Itokawa regolith particles by X-ray microtomography showed that some particles
have rounded edges, which should be formed by mechanical abrasion [1]. Abraded surfaces were confirmed by detailed
observation using SEM [2]. Mechanical abrasion of lunar regolith particles was also recognized by X-ray microtomography and
SEM as well [3]. Seismic wave induced by micrometeoroid impacts [1], YORP effect and tidal motion [4] were proposed for
the abrasion process on Itokawa.

In order to understand detailed process of the abrasion, abrasion experiments have been carried out [5]. In these abrasion
experiments, quartz, olivine (Fo_gy from San Carlos), corundum and calcite (marble) as mineral samples and Sayh al Uhaymir
001 (L5) and Murchison (CM2) as meteorite samples were used. They were crushed into particles 1-2 mm in size except for
corundum (~1mm). These particles (~6.5g) were put into a vessel (10 mL) (filling fraction of 50%) without any crushing tool,
and the vessel was vibrated in a mill (Multi-beads-shocker: YASUIKIKAI Co.). Time changes of the amounts of powders
produced by abrasion and their external shapes using X-ray microtomography were measured. In addition, the external shapes
of marked particles were traced using X-ray nanotomography in a series of abrasion experiments. Based on the experiments, two
modes of abrasion were recognized; gradual wearing and chipping of particle edges. The 3-axial ratios of particles almost
unchanged by gradual wearing while they changed by chipping. It was proposed that the former process is responsible for
Itokawa particle abrasion and later for lunar particle abrasion. However, the grain size used in the experiments (~1 mm) is larger
than the regolith particle size (~0.1 mm).

In this study, additional experiments were made to understand the size effect and the abrasion rates were applied to abrasion
on Itokawa and Moon by considering the size effect. Abrasion of Ryugu regolith particles, which will be returned by the
Hayabusa2 spacecraft, was also discussed.
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quartz to calcite (marble), and this order is consistent with their mechanical strengths. The data of LS and CM chondrites were
obtained from only six particles in each run and thus have large errors.
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(2) Abrasion in an ejecta during impact: In order to evaluate the possibility of abrasion by contact of grains during excavation
and ejection by impact, the ejecta velocity, v, was estimated as a function of the launch position of ejecta from the crater
center, x, and the crater radius, R, using the model of [7]. On Itokawa, V., ~0.001-0.1 m/s (corresponding @w~1-100 rpm) for
R=1 cm-100 m at x/R~1. The corresponding P; values for 1-2 mm L5 grains are ~0.01— ~10" % (Fig. 4) (~0.001— ~10"" % for a
few 100’s um grains). This indicates that effective abrasion is not expected. It should be also noted that only grains with v,
less than the escape velocity of Itokawa, v.,~0.2 m/s, can survive, suggesting P;<~0.01 % for 1-2mm grains (Fig.4). In contrast,
on Moon, Ve, > 1 m/s (0>~1000 rpm) for R>1 m at x/R~1, indicating that abrasion is possible on Moon by this mechanism.

(3) Abrasion in a regolith layer during impact: In order to evaluate the possibility of abrasion by contact of grains in a regolith
layer during impact, the maximum acceleration of the first peak on impact-induced seismic wave, g,..,, was estimated as a
function of distance from the impact point, x, for different impactor radius, 7, using the model of [8] and the crater size model
using the m-scaling theory [9]. The estimated g4, values on Itokawa and Moon are ~2 and ~100 m/s” irrespective of the impact
conditions. The corresponding P; values for 1-2 mm L5 grains are ~0.01 and ~1 % (~0.001 and ~0.1 % for a few 100’s um
grains) on Itokawa and Moon, respectively (Fig. 4). Therefore, abrasion on Itokawa is not possible while it is possible on Moon.

The above discussion suggests that abrasion by impact is almost impossible on Itokawa while it is possible on Moon.
Mechanical abrasion is so high energetic process that this cannot occur on small asteroids, like Itokawa. Accordingly, Itokawa
regolith particles with rounded surfaces by abrasion should originate from the parental body of Itokawa, where abrasion occurred
by impact on the body. For the case of Ryugu, v,,, may be also small and thus abrasion is not expected even for materials with
smaller strength, like CM, by the process (1). In the process (2), if v is slightly less than v, (~0.4 m/s), the maximum values
of P, for CM grains are estimated to be ~1 % (1-2 mm) and ~0.1 % (a few100’s um) (Fig.4). Similar values of P; are expected
in the process of (3) although we cannot estimate g,,,, with good precision at this moment. These P, values may suggest that a
small degree of abrasion of regolith particles on Ryugu is possible.
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